LEGIBILITY NOTICE

A major purpose of the Techni-
cal Information Center is to provide
the - broadest dissemination possi-
ble of information contained in
DOE’'s Research and Development
Reports to business, industry, the
academic community, and federal
state and local governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
‘the availability of information on the

research discussed herein.

1



- 0?0’6' (/'()NF— 8///:\}[‘)/ 73 N ”j)

LOS AlaMOs Natonal Laboratory -8 gDersied Dy the University of Canfornia for the United States Department of Energy undeyr contract W-7405-ENG. 36

LA_UR——87’2981

pE8B8 000505

TTLE NEW SYSTEM FOR WIGGLER FABRICATION AND TESTING
AUTHOR(S) R. W. Warren and C. J. Elliott

SUBMITTED TO  Adriatico Research Conf. on Undulator Magnets for Synchrotron
Radiation and Free-Electron Lasers, Trieste, 23-26 June 1987.

DISCLAIMER

This report was prepared us an account of work sponsored by un ugency of the United Stutes
Giovernment. Neither the United States Giovernment nor any agency thereol, nor aay of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
hility for the uccuracy, completeness, or usefulness of uny information, apparatus, product, or
procesy disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trude nume, trademark,
manufucturer, or otherwvise does not nucessarily constitute or imply its endursement, recom.
mendation, or favoring by the United States Government or uny agency thereof. The views
und opinions of authors expressed herein do not necessurily stute or reflect those of the
United States Government o, any agency ther of.

By sccepiance 0! 1™a arhclg the pubharer +ocogMtes that the U S Governmaent retaing 8 nonenciusive oyaity.11ee hcense 1o publioh ot reproduce
Ine pubiahed form o Loy conrtrution or 10 Alow Others 10 do 10 for U S Qovernment purposes

The Lot Alamas Natonal Laboratory raauetts that the publinher (dentily (hig ariicle aa work perlor ned under (he 8usPICes Of the U S Department ot Energy

. A
LOS AlgMnOS testamssatoralLavarsio™™

HULUMLNT 19 UNLIMITE

N 030 MSTHIBY, (N @ Tila

LA AN Y


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


NEW SYSTEM FOR WIGGLER FABRICATION AND TESTING*

R.W.Warren (H825) and C. J. Elliott
Los Alamos National Laboratory, Los Alamos, NM 87545

ABSTRACT

A system approach is taker for the fabrication and testing of wigglers for free-
electron lasers. Emphasis is placed on convenient, practical, assembly procedures
that produce wigglers with high fields, two-plan2 focusing, and facilities for in-place
adjustments. Equal emphasis is placed on rapid and precise techniques for measur-
ing field errors, both betore final assembly and afterward, during wiggler operation.

I. Introduction

The gain and efficiency of a free-electron laser (FEL) are determined by the
interaction of a light beam and an electron beam in the wiggler. The performance
will be degraded if either the light beam, the electron beam, or the wiggler is less
than perfect. Normally the best that can be expected of the light beam is that it be
in the lowest order Gaussian mode with the optimum Rayleigh distance. If the
wiggler's gain is large, the mode may be distorted so as to either impair or benefit the
gain. The electron beam must have a sufficiently small spread in longitudinal and
transverse velocities. If the transverse velocities are excessive, the electron beam
will wander away from the cptical beam, reducing their mutual overlap, and thus
the gain. If the lengitudinal velocities have too large a spread, some of the electrons
will not satisfy the resonance condition of the wiggler.

The wiggler problemsi? are similar to those presented above for the electron
beam. The wiggler must be straight, and its maﬁnets must give the electron beam
the correct deflecticns down its length. [fthe deflections provided by the magnets
are improper, the electron beamn may wander out of overlap with the light beam. The
bearn may be deflecied through an angle large enough that the rem=ining longitu-
dinal velocity no longer satisgles the resonance condition. If the magnets are all too
strong or too weak over a part of the wiggler, the amplitude of the uscillations of the
electrons will be improper, producing an undesired change in the longitudinal veloc-
ity so that the resonance condition is not satisfied. If the wiggler is not straight, the
electrons will find an improper field. This field can then cause any of the problems
mentioned above.

The job of the wiggler‘s builder is to avoid the problems mentioned above.
Normall%he accomplishes this by foliowing these steps:

1. Measure the properties of each magnet.

2. Assemble the magnets in the wiggler to compensate for the observed varia-
tions in the ma%’nets, e.g., by arranging magnets in pairs so that an unusually strong
one is followed by an unusually weak one.

J. Measure the fields of the assembled wiggler.

4. Modify the magnet arrangement to reduce the errors, e.g., by replacing
"bad" magnets.

*Work supported by the Division of Advarced Energy Projects, U S, Dept of Energy, OfTice of Basic
Energy Science.



5. Move the tested wiggler into its final setting.

6. Use diagnostic devices such as fluorescent screens to view the electron beam
atseveral stationsdown the wiggler.

These on-line measurements assist in launching the electron beam correctly into the
wiggler, guide in using the intermediate steering to comﬁensate for remaining
wiggler errors, and can be used to recognize changesin the wiggler's field that may
occur with time.

Difficulties are usually encountered using these techniques. Inour view, they
result from six basic problems:

1. Field errors must often be limited to a few tenthsof a percent or less, out
the variations of the magnets currently available are usually several percent.’*

2. Mainets should be characterized in terms of integrals of their fields meas-
ured along the trajectory followed by the electrons. Performing the required meas-
urements s time consuming. The integral is usually approximated by a single field
measurement taken at the point of closest approach of magnet and electron beam.

3. Some method is needed to adjust the field strength at closely spaced posi-
tions down the wiggler. The two techniques commonly employed, replacement of bad
magnets and the use of external steering coils at a few locations, are too crude for use
with high-performance wigglers.

4, Al{er a wiggler is tested, it ismoved to a new location and various equip-
ment is added to it, e.g., a vacuum pipe through its center, diagnostic devices and
steering stations along its sides, and pumps and thermal controls all around it. All of
these devices have magnetic fields associated with them or are paramagnetic to some
degree. These interfering effects are reduced as much as possib?e, but there is no
good way to determine their magnitude inside the wiggler once it is on-line.

5. {“ields change with time because of temperature,* radiation,® etc. No good
way is available to measure these effects.

6. The wiggler is normally segmented to provide periodic diagnostic and
steering stations. These stations sometimes present major disruptions® to the
regularity of the wiggler and the vacuum pipe penetrating it. These disruptions
?_andsegiously affect tﬁe electron beam. One of the effects of major concern 17 wake

1elds.

Itis the nurpose of this paper to present a new system for wiggler design, {ab-
ricatior,, and use that avoids most of tﬁe prohlems mentioned above. This system is
based upon a new technique for measuring fields. The arrangement of this paper is
as follows: In Se .. [I we briefly present the elements of our system; in Sec. [1I we
discuss the principles of the fiew measuring technique; in Secs. [V, V, and VI we
present examples of the use of this technique with single -uagnets, with combina-
tions of magnets, and with complete wigglers; in Sec. 6‘[] we discusmghis technique
used on-line with completed wigglers, in Sec. VIIT we briefly discuss some of the
probllems we have encountered and their resolution; and in See. [X we pre_ent our
conclusions.

I[I. FABRICATION AND TESTING SYSTEM

The system was designed to reduce the problems described above. The
constraints that resulted are as follows:

1. Amodified Halbach arrangement? of the magnets will be used.

2. Magnets will be stacked, i.e., grouped in a particular way, to reduca the
variations found in individual magnets and to increase their overall strength.

3. A new technique will be used to adjust the field strength of stacked-magnet
corrlnbinations so that they have integrated fields thut are nearly identical to eac
other.

4. Additional steering will be accomplished with external coilath. tcan be
spaced very closely and may be computer driven.

5. Noiron will be used, thus preventing problems with siting the steering coils.



6. Two-plane focusing will be accomplished with a novel arrangement of
magnets.

7. The wiggler must be designed without penetrations (i.e., breaks) in the pipe
passing through it. Tkis precaution will reduce wake fields, but at the same time
will eliminate the usual diagnostic stations.

8. Anon-line fleld measurement system will be provided to verify that the field
isalways correct and to assist in achieving that state by adjustments of the steering
coils,

Figure 1 shows a diagram illustrating the stacking concept. Stacking magnets
in this way generates fields that are about 25% larger that those produced by a
single layer of magnets. An algorithm can easily be developed for pairing magnets
so that essentially all of the magnets can be used, with few rejects, and the combined
field of each stacked pair will be very close to the average field. Additional selection
criteria can be imposed, for example, to achieve approximate cancellation of
transverse (parallel to the magnets) fields.
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Fig. 1. Technique of stacking magnets to improve unifornmnity and increase strength.
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Figure 2 shows the arrangement of magnets used to produce two-plane
focusing. Calculations have bean performed that show that this configuration
produces approximately equal focusing in both transverse directions. Figure 3
showsaalots of these results. Figure 3a is for the usual arrangement, lacking two-
glane ocusing, and Fig. 3b shows the results for the new magnet arrangement,

tronger focusing in the horizontal direction can be achieved by moving the added
“focusing” magnets closer together or by adding similar magnets to the normal
magnet pairs magnetized in the longitudinal d'rection,

Final adjustment of fleld strength is accomplished with the focusing magnets.
These megnets add about 20% to the total field strength of a Halbach configuration.
If their positions are adjusted inward, by 1% for example, the total {Teld strength



Fig. 2. Extramagnetsintroduced from the sides to provide two-plane focusing,
increase field strength, and allow convenient adjustment.
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Fig. 3. Piotsof field strength in both transverse directions: (a) without extra side
magnets, (b) with extra magnets.

increases by ahout 0.2%. In this way. minor corrections can be easily made with
insignificant changes to focusin

We propose to arrandgc stacied magnets into one-half wavelength units, as

shown in Fig. 4, composed of eight nnnnal and two focusing magnets. Each of these
hrlf-wavelength frames will be adjusted to have nearly identical field integrals.



The frames include three mounting pins to allow them to be mounted easily in a
kinematically stable manneron a rigid, massive base. This apprcach to wiggler
design depends critica'ly upon the ease and precision of the fieid-measurement
technique employed, which we discuss below.

Fig. 4. Frame containing 10 magnets,

[II. ELEMENTS OF THE FIELD-MEASURING TECHNIQUE

A thin wire, a pulsed current source, a.1d a device to monitor the wire’s position
are used. The technique i3 an extension of the "floating-wire" method previously
used? with wigg}ers. and used much earlier in various magnet and accelerator
applications.!” Figure 5 shows how these parts are arrang=d. A magnet is placed
near the wire so that the wire's position is a replica of the path followed by an
electron. When a short current pulse is passed through the wire, an impulse in the
form of transverse momentum is transferred to the wire along its length. Atevery
point, the niomentum is proportional to the magnitude of the trangverse fieid. The
distributed momentum splits into two equal waves that trava! in opposite directions
down the wire at a speed determined by the density of the wire and its tension. [f a
senso” were placed near the wire that could measure its momentum, the sensor
would display a voltage versus time that wes a replica of the magnetic field versus
position aﬁ‘ong the wire. If the sensor, instead, detected position, its output would be
the time integral of the mcmentum, a replica of the integral of field versus position
cown the wire. This integral form is a particularly useful nutput because the
angular deflection of an electron beam is proportional to this same integral. The
wire arrangement has, in a simple analog fashion, performed the intekral that is
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Fig.5. Technique used to measure strengih of single magnet.

conventionally evaluated from direct field measurements with considerably more
difficulty, taking much more time.

To carry this technique a step further, we can modify the source of current to
produce a step function instead of a delta function. The signal now developed by the
position sensor is the second integral of the field strength versus position down the
wire. Now, the transverse disp!acement of an electron beam is proportional to this
second integral; thus, the use of a current step is particularly useful to display
transverse displacement errors.

Other useful extensions of the wire technique can be imagined. For example,
if a short current pulse of just the right length were used, a wire deflection would be
produced that is caused by the field integated over exactly one wavelength of the
wigtgler. Because this integral should ideally be zero, very small deviations from
perfection can easily be detected.

In a second example, becanse the sensor produces an electronic replica of the
electron's path, its signal can be easily manipulated electronically to reveal, for
example, the langth of the electron’s path and, thus, any accumulation of phase error
as a function of position.

IV. CHARACTERIZATION OF SINGLE MAGNETS

Following procedures shown in Fig. 5, a 4-mil-diam copper wire was placed
under tension with a 50-g weight and suspended over two bridges placed 0.5 m apart.
A single magnet was piaced near the wire at a distance of 0.44 cm, equal to the
normal magnet-electron beam separation of a wiggler that we often use. A short
10-A current pulse was passed through the wire. q e wire's deflecticn was deter-
mined by measuring its time-varying obstruction of a light beam. The lifht beam
was generated and getected by a single, compact, convenient, commercially avail-
able electronic component (Slotted Optical Limit Switch #CMT8, manufactured by
General Instruments, Optoelectronics Division, Palo Aito, California 94304).

When the magnet was oriented upright (transverse field) and the current pulse
was short, the sensor's output, shown in Fig. 6, was proportional to the angular
deilection of an electron beam. When the current pulse was changed to a step, the
sensor's output, shown in Fig. 7, was proportional to the actual displacement of the



electron beam. The angular deflection of an electron beamn caused by such a magnet
is about 1 mrad, illustrating the sensitivity of this method.

Fig. 6. Measurement with single Fig. 7. Measurement with single

upright magnet. Short current pulse. upright magnet. Step pulse. ’lshe
sharp kink 1n the upper right-hand
corner is caused by a nonlinearity
in the amplifier,

When the mainet was oriented sidewise, the corresponding pulse and step
responses were as shown in Figs. 8 and 9. The real spatial deflection of an electron
beam caused by such a magnet is about 10 pm.

Fig. 8. Measurement with single side- Fig 9. Measurement with single
wise magnet. Short pulse. sidewise magnet. Step pulse.

A magnet's essential properties can be determined by performing and cata-
loging these pulse and step responses. Advantages in precision can be gained,
however, by employing a null technique and recording differences. If a standard
magnet is placed on one side of the wire and a test magnet with reversed magnetiz-
ation is placed opposite it, their two fields will cancel at the wire's position so that
only the difference of their ficld integrals is recorded. By using this null technique,



we were able to measure differences between magnets of less than 0.1%. Real mag-
nets always produce error fields that are parallel to the magnet’s long dimension;
such field errors cannot be ignored. An extra sensor can be added to the configura-
tion of Fig. 5 to measure the fields of this orientation. As discussed above, partial
cancellation of these fields can be accomplished by a selection process when the
frames are assembled.

V. CHARACTERIZATION OF FRAMES

Advantage can be tuken of another symmmetry property of the arrangement
shown in Fig. 5. The test and standard magnets can be replaced by one of the half-
wavelength frames described above. If a second frame is placed symmetrically on
the other side of the sensor, the sensor will detect two waves, one from the standard
frame and the other from the test frame. If the magnetization directions are cor-
rectly chosen and the separations from the sensor are truly equal, one wave will
cancel the other, and only the difference between the frames will be detected. The
focusing magnets on the test frame can then be adjusted to null the difference signal.
This technique has been tested and also provides a sensitivity of 0 1% or better.

VI. CHARACTERIZATION OF A WIGGLER

A long wire was passed through a conventional 1-m wiggler, and short and step
puises were passed through it as described above. Figure 10 shows the results for a
short pulse and Fig. 11 for a step. This wiggler had been in use and its errors were
determined not to seriously affect the wi gFer’s erformance. Errors, however, are
clearly evident, particularly in Fig. 11. A wiggleris considered to be free of gross
errors if its trajectory wanders transversely less than the amplitude of its wiggles.

Fig 10. Measurement with wiggler. Fig.11. Measurement with
Short pulse wiggler. Step pulse.

This is not quite true of Fig. 11, which shows a large angular error at the left end
(entrance) of the wiggler (corrected in use by steering at this end) and smaller errors
internal to the wiggler that were not accommodated in any way. If this wiggler had
convenient mechanical adjustments like those proposed above or if it had been fitted
with closely spaced steering coils, we could have easily modified the fields until a flat
measurement resulted. In this way the field errors could have been reduced by a
factor of 1C or better.



VIL. ON-LINE USE

Figure 12 shows an application of this technique to wigglers that are mounted
in their final position ready tolase. In the normal fgshion, a wire 1s threaded
through the wiggler, supported by two bridges; its position is observed by several
externally supplied light sources. When lasing is desired, the bridges are withdrawn
so that the wire lies against the wall of the vacuum tube that perietrates the wiggler.
The wake field introduced by the wire will be very small. When information is

SENSORS

BRIDGE ! /

ADJUSTMENT v

LIGHT ﬂ
SOURCES

VACUUM

WIGGLER PIPE

Fig. 12. Use in on-line application.

required about field uniformity, perhaps at the beginning of each day, the bridges
are raised and the wire is moved into the center of the wi%gler. A pulse is passed
through the wire, and a signature like thatof Fig. 11 is obtained. Once the errors
are analyzed, corrective action can be taken by activating one or more steering coils.
It shouldybe fairly easy to assign this field correction process entirely to compute-
control. In this way, periodic correction of the field errors can be a simple, time-
efficient process, and complete records can easily be maintained of any accumulation
of errors owing, for example, to radiation damage.

VIII. REMAINING PROBLEMS

Four problems have come to our attention in preliminary examinations of this
technique:

Magnet Stability
The use of focusing magnets in the manner shown in Fig. 2 subjects tl.»se and

the adjacent magnets to unusually large demagnetizing forces. Some, but novall,
varieties of magnets can sustain the stress.



Wire Sag

The measurements described above for complete wigilers were carried out
with the wiggler's axis oriented vertically. If the axis had been horizontal ia the
usual fashion, the wire would have sagged. For a 1-m wiggler, the amount of sag
would have been insignificant, but because the sag varies as the square of the wire's
length, it becomes prohibitively large (0.1 to 1 cm) for wigglers 10 m or so long. We
have solved the sag problem by levitating the wire with a combination of a constant
horizontal field produced by the steering coils and a low but constant current
through the wire. The magnitudes of the currents are modest as are the require-
ments on the precision of their settings.

Betatron Motion

An electron beam senses the magnetic field along its entire trajectory, wiggles
and all, and is, therefore, sensitive to the gradients of the field. The gradients,
among other efferts, generate focusing forces and the betatron motion. When using
thc dc floating-wire technique, one could choose the correct experimental parameters
so that the wire's deflection would simulate the electron beam in detail and demon-
strate the focusing and betatron motions caused by the wiggler. Such a demonstra-
tion is not as simple with our pulsed technique because of the complexities intro-
duced by the existence on the wire of two oppositely moving waves. Gradients can
?till be investigated by measuring field integrals at closely spaced transverse
ocations.

Nonideal Wire Properties

The wire is not perfect in its dynamical behavior. Asa pulse progresses along
the wire, it can change its shape for several reasons, for example by dispersion,
attenuation, reflection at irregularities, or by rotation of [iolariza. tion at irregular-
ities. Dispersion is the most noticeeble effect, while path lengths of tens of meters
must be used to see significant attencation. Reflection and pol- -ization rotation
have not been observed.

Dispersion is caused by the stiffness of the wire. It causes short wavelength
components of the wire's degection to travel with higher velocities than longer
wavelengths. Dispersion can be minimized by choosing a thin wire of the best
material (Jow stiffness/high strength) and by operating it at a tension near its
breaking point. Dispersion is a problem for wigglers 10 m long, but not for shorter
ones.

Both dispersion and attenuation are predictable events; therefore, a computer
code could presumabiy be written to process the raw data produced by a sensor and
correct for these effects. In any event, the main effect of dispersion is to distort ti.e
high-frequency parts of the sensor’s signal, i.e., the details of the wiggle motion. The
part we are most interested in, the wandering, is contained in the low-frequency,
undistorted parts. If a short (but not delta function) current pulse is used as was
discussed above, the wiggle motion of the wire can be almost completely suppressed
so that only the wander motion is displayed.

IX. CONCLUSIONS

A new technique has been demonstrated for measuring magnetic fields. It has
three distinct applications to wigglers: the measurement of individual ma%nets. the
measurement of completed wigglers, and the on-line measurement of wigglers that



are installed in their final lasing positions. The technique naturally preduces elec-
trical signals that are proportional tc the first and second integrals ofpthe magnetic
field versus position down the wire. These integrals are direct analogs of the most
important properties of the electron beam, its angular and spatial de%lection down
the wiggler. The measuring techniques have special symmetry properties that make
null measurements easy to perform. The elastic properties of wires place limits on
the length of the wiggler that can successfully be used with these techniques. Ways
around these limits are now being investigated.

ACKNOWLEDGNMENTS

Brian Newnam suggested and encouraﬁed the work reported in this paper.
Noel Ckay and Richard Martinez helped with fabrication of the test equipment.

REFERENCES

1, B.M. Kincaid, “Random Error. in Undulators and Their Effects on the
Radiation Spectrum,” J. Opt. Soc. Am. (B), 2, (8), 1294 (1285).

2. C.J.Elliottand B.D. McVey, “Undulator Field Error Analysis,” these
proceedings.

3. A.D. Cox and B.P. Youngman, "Systematic Selection of Undulator Magnets
Using the Techniques of Simulated Annealing,” SPIE Vol. 582, Int. Conf. on
Insertion Devices ?or Synchrotron Sources, 91 (1985).

4. E.Hoyer,J.W.G.Chin, and D. Shuman, "REC and NdFe Magnetic Moment
Irreversibility from Temperature Cycling,” SPIE Vol. 582, Int. Conf. on
Insertion Devices for Synchrotron Sources, 84, (1985).

5. J.R.Cost,R.D.Brown, A. L. Giorgi, and J. T. Stanley, "Radiation Effects in
Rare-Earth Permanent Magnets,” submitted to Material Research Society,
Anaheim, California, April 23-24, 1987, Los Alamos National Laboratory
document LA-UR-87-1455.

6. K.E. Robinson, D.C. Quimby, J.M. Slater, T.L. Churchill, A. Pindrok, and
A. Valla, "Hybrid Undulator Design Considerations,” Nucl. Instr. and Meth.
in Phys. Res, A250, 100 (1986).

7. B.E. Carlsten, “"Emittance Growth Caused by Bends in the Los Alamos FEL
ERX Beamline,” 1937 Particle Accelerator Conf., Washiagton. DC,
March 1987, to be published.

8. K.Halbach, "Phﬁical and Optical Properties of Rare Earth Cobalt Magnets,”
Nucl. Instr. and Meth., 187, 109 (1981).

9. R.W.Warren, C.A. Brau. B.E. Newnam, W.E. Stein, J.G. Winston, and
L.M. Young, "Status of the Free-Electron Laser Experiment at Los Alamos."
in Free Electron Generators of Coherent Radiation, & F.Jacobs, H.S. PillofT,
M.O. Scully, G.T. Moore, M. Sargent LI, and R. Spitzer, Eds. (Addison-Wesley,
Reading, Ma=ss., 1982) 397.

10. R.B. Neal,Ed., The Stanford Twou-Mile Accelerator, (W.A. Benjamin, Inc.,
1968), 5725.



Wire Sag

The measurements described above for complete wig lers were carried out
with the wiggler’s axis oriented vertically. If the axis had been horizontal in the
usual rashion, the wire would have sagged. For a 1-m wiggler, the amount ofsa
would have been insignificant, but because the sag varies as the square of the wire's
length, it becomes prchibitivaly large (0.1 to 1 cm) for wigglers 10 m or so long. We
have solved the sag problem by levitating the wire with a combination of a constant
horizontal field prodpuced by the steering coils and a low but constant curreat
through the wire. The magnitudes of the currents are modest as are the require-
ments on the precision of thir settings.

Betatron Motion

An electron beam senses the magnetic field along its entire trajectory, wiggles
and all, and is, therefore, sensitive to the gradients of the field. The gradients,
among other effects, generate focusing forces and the betatron motion. When using
the dc floating-wire technique, one could choose the correct experimental parameters
so that the wire’s deflection would simulate the electron beam in detail and demon-
strate the focusing and betatron motions caused by the wiggler. Such a demonstra-
tion is not as simple with our pulsed technique because ofthe comglexitiesintro-
duced by the existence on the wire of two oppositely moving waves. Gradients can
still be investigated by measuring field integreals at closely spaced transverse
locations.

Nonideal Wire Properties

The wire is not perfect in its dynamical behavior. Asa pulse progressesalong
the wire, it can change its shape for several reasons, for example, by dispersion,
attenuation, reflection at irregularities, or by rotation of polarization at irregular-
ities. Dispersion s the most noticeable effect, while path Qeng‘ths of Lens of meters
must be used to see significant attenua.ion. Reflection and polarization rotation
nave not been obscrved.

Dispersion is caused by the stiffness of the aire. It causes short wavelength
components of the wire's degectlon to travel with higher velocities than longer
wavelengths. Dispersion can be minimized by ck ~9sing a thin wire of the best
material (low stiffness/high strength) and by operating it at a tension near its
breaking point. Dispersion is a problem for wigglers 10 m long, but not for shorter
ones,

Both dispersion and attenuation are predictable events; therefore, a computer
code could presumably be written to process the raw data produced by a sensor and
correct for these effects. In any event, the main effect of dispersion is to distort the
high-frequency parts of the sensor's signal, i.e., the details of the wiggle motion. The
part we are most interested in, the wandering, is contained in the low-frequency,
undistorted parts. If a shor’ (but not delta function) current pulse is used as was
discussed above, the wiggle .notion of the wire can be almost completely suppressed
so that only the warder motion is displayed.

[X. CONCLUSIONS

A new technique has been demonstrated for measuring magnetic fields. It has
three distinct applications to wizglers: the measurement of individual magnets, the
measurement of completed wiggiers. and the on-line measurement of wiggiers that



